Investigations on the subject of the etiology of pertussis by means of microscopic and cultural studies of the sputum have resulted in the finding and description of protozoa by Deichler, Kurloff, and Behla, of staphylococci by Moncorvo and Silva Aronja, of streptococci by Mircoli, of diplococci by Ritter and his pupil Buttermilch, and of bacilli. The last may be divided into three groups: First, a motile bacillus growing "colon-like" upon all ordinary media and forming endogenous spores, described by Affanassieff in i887, and found later by Szemtschenko and by Wendt. Second, the bacillus found by Czeplewski and Hensel, and also by Koplik, in r897, growing as a small, poled bacillus upon agar, L6ffter's serum, gelatine, and in broth. Zusch, Cavasse, and Arnheim all confirmed Czeplewski's work. The ttfird group comprises the influenza-like bacilli described by Spengler in z897 and by Jochmann and Krause in z9oI and again in I9o 3, when they reported the bacilli present in sixty samples of pertussis sputum and in the lungs of twenty-three pertussis patients who died of broncho-pneumonia. They called the organism Bacillus pertussis, Eppendorf. It was not found in cases of ordinary broncho-pneumonia, nor in the sputum from other than pertussis cases. Spengler later gave it as his opinion that the description of the sputum smears by Czeplewski and Hensel showed that these observers had been dealing with the same organisms as himself, but that, having failed to use hmmoglobin agar, the influenza-like organisms were lost and only a contaminating pseudo-diphtheria bacillus grew. The fact that * This s t u d y was c o n d u c t e d u n d e r a grant from t h e Rockefeller I n s t i t u t e .
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Czeplewski and Hensel described their bacillus as negative to Oram's stain in sputum, but positive in culture, lends weight to this view. Vineenzi's small bacillus, negative to Gram's stain, grew on all media. Elmassian (i899) found a bacillus which was morphologically like the influenza bacillus, but grew on agar containing human serum as well as on hmmoglobin agar. This organism he found in eight of twenty-two eases of pertussis, but also in cases of tuberculosis and bronchitis in infants and adults, and to it he ascribes no specifie importance. Luzzatto found two organisms: one he identified as Diplococcus lanceolatus, the other as a bacillus closely resembling Bacillus influenz~e, differing from it by the superficial granulation of its colonies and the fact that it grew on serum agar as well as on hmmoglobin agar.
Late in z9o3 Manicatide published the results of the examination of eighty cases of pertussis in which agar plates revealed the presence of "bacillus z" in sixty-seven. Horses and sheep were inoculated with broth cultures, and with the serum of these animals cases of pertussis were successfully treated. He is the only investigator who records agglutination tests with the patients' blood, and he records only five cases which gave a definite microscopic reaction in dilutions of : : 32.
At Dr. Flexner's suggestion, working as a Fellow of the Rockefeller Institute for Medical Research, I began a study of the sputum of the children in the pertussis ward of the New York Foundling Asylum, with the special purpose of testing the possible agglutination reactions of the children's blood with the bacilli isolated. The specimens were obtained as follows: at the end of a paroxysm of coughing the sputum was caught in a sterile, covered dish and taken at once to the laboratory.; the most solid particle was washed in six successive beakers of peptone water, according to the method of Koch and Kitasato, and finally was spread on blood-agar plates made by mixing placental blood with melted agar.
Smears made from the sputum were stained by Gram's method and with dilute carbol-fuchsin as recommended by Czeplewski and Hensel.
The sputum smears were much alike, showing cocci in pairs, groups, and, most frequently, in chains, but all comparatively less numerous than bacilli, which were present in every case. These were short, plump, ovoid, with rounded ends, lying singly or in small groups or heaps between pus and epithelial cells; a few were also found within the cells. They were negative to Gram's stain. In some of the cases a larger, slightly curved, Gram positive bacillus was also present. There was a marked contrast between the smears made from the washed and those from the unwashed sputum. In the latter, cocci and Gram positive bacilli predominated, the small bacilli being found but sparingly. In the washed sputum, on the other hand, the small Gram negative bacilli were very numerous, diplocoeei and long chains of streptococci being present in a few cases. Thus it would appear that these bacilli were not a mouth contamination, but present in the secretion of the bronchi.
On the blood-agar plates the predominating colonies were small, transparent, dewdrop4ike, and not surrounded by a hmmolytic zone like that found around the pneumoeoecus and staphylococcus colonies. Under the microscope the colonies appear as slightly raised drops, almost structureless. In fortyeight hours they have acquired a slightly granular centre; the periphery is quite regular. They do not increase in size after twenty-four hours. On blood-agar slants these bacilli grew as a delicate, raised, moist growth in which the separate colonies can be distinguished until the medium is quite dried up. On asciticfluid agar, glycerine agar, L6ffier's serum, bouillon, serum broth, milk, and gelatine no growth takes place. In bouillon to which a drop of fresh or hmmolyzed blood has been added, they grow well, but not profusely; an alkaline reaction favored their growth. The bacilli are not motile. They bear transplantation for from eight to ten weeks, but die as soon as the medium becomes dry. From five to twenty-seven days were the limits of life between transplantation, but as a rule the cultures were not alive after eight days. In young cultures the bacilli are all plump, and of about the same size. In older cultures (from three to five days) some larger elements appear; and at first many tubes were discarded as contaminated, until, on testing with serum-agar tubes and fresh blood-agar, it became evident that the larger bacilli were involution forms, the "Scheinfaden" described by Spengler and by Jochmann, with whose Bacillus Eppendorf this organism seems to be identical. The very long chains which Spengler mentions I have never seen. These bacilli were found in twenty-nine of the thirty cases examined. In the negative case it was not possible to obtain a second specimen.
Other colonies on the plates were identified as pneumococci, streptococci in very long chains, Micrococcus catarrhal is(?), and pseudo-diphtheria bacilli.
Agglutination tests were made with all the varieties of bacilli isolated from each case. In no instance did the Gram positive bacillus give any reaction with the serum of the child from which it was isolated. The influenza-like organisms reacted with the serum of the child in dilutions of i:2oo, and occasionally in : 500. The tests were made according to the technique recommended by Cantani, macroscopically in salt-water suspensions, and controlled by the microscope. The clumps are small, but no free bacilli remain outside them, and the fluid in the small testtubes becomes more or less clear in from sixteen to twenty hours. Suspensions in distilled water were more successful than in salt solution, as no spontaneous clumping occurs in them. The culture from which the suspension is made should not be more than twenty-four hours old, as older cultures tend to form groups, hard to distinguish from clumps. The reactions were always highest and most complete with homologous serum, but the various strains of the bacillus all reacted with every pertussis blood examined in dilutions of i:xoo at least. The blood from normal cases was tested for control as follows: of three adults, one of whom had never had pertussis, one gave a positive reaction in dilution of i:io and the other two were negative; of seven normal children who had never had pertussis, two gave a reaction in a dilution of x : io and the other five were negative ; of five children who had had pertussis, one and a half to three years before, all gave negative reactions in dilutions higher than i:io.
Swabs from the throats of these twelve children (they did not cough) were all negative for these bacilli.
The blood serum of ten pertussis patients was tested with the influenza bacillus obtained from. Dr. Goodwin at the Laboratory of the Board of Health and gave only negative reactions in dilutions higher than i : 20.
In three cases from which the influenza bacillus was isolated from the sputum, the blood gave a positive reaction with the Bacillus influenzm in dilution of x : xoo, but reacted with the bacillus isolated from a pertussis patient in ~ : 20 only.
Rabbits were immunized with intraperitoneal and subcutaneous injections of twenty-four-hour-old cultures. Before inoculation the blood of the animals gave a fair reaction in a dilution of i : ~o, none in i : 20. The agglutinins developed slowly, being positive in i : 500 in eight weeks. The animals lost weight and became emaciated. During the last two weeks of life their agglutinins did not increase in spite of the injection of large doses of bacilli.
The following table shows the reactions of this serum to the influenza and pertussis organisms: From these results it is clear that the agglutinins developed in rabbit sera by the inoculation of these two varieties of bacilli are chiefly common to both, and that the so-called specific agglutinins are low in amount, though definitely present. The experiments are being continued in the hope of making the results more positive.
It was noticed throughout the inoculations that the reactions ran fairly parallel in both sera until positive results in dilutions of i:zoo appeared, after which the homologous organism ran quickly ahead of the other.
The bacilli were found with the greatest ease early in the attack, i. e., when the cough had persisted for about two weeks and the whoop was just established. Through the courtesy of Dr. Holt I had an opportunity of examining two cases before the whoop began and failed to find the bacilli, which were very easily isolated at a later examination. The bacilli continued very numerous in the sputum throughout the paroxysmal stage, in several cases even when the attack was eight weeks old. In one case the bacilli were isolated once a week for seven weeks, and the child's blood reacted in a dilution of i:zoo three months after the onset of his cough. Another case reacted eight weeks after he was first seen. Two cases whose serum had given a positive reaction (z:2oo) during the paroxysmal stage did not react four months after the onset.
As regards animal experiments, white mice, guinea-pigs, and rabbits were inoculated subcutaneously and intraperitoneally without any effect. Dr. Flexner kindly injected a twenty-fourhour culture into the brain of a rabbit, also without any result.
Biologically the bacillus resembles Bacillus influenzm in its refusal to grow on any but hmmoglobin-containing media.
Morphologically it is slightly larger than the influenza bacillus. The cases were examined in the months of October, November, and December, at a time when influenza was not prevalent in the city nor in the Foundling Asylum. In January, February, and March pertussis cases were far less numerous ghan during the preceding months.
Auerbach found influenza bacilli in throat cultures from some of the cases of diphtheria, scarlet-fever, and measles he examined ; but the percentage of positive results was always highest during the months when influenza was prevalent in the city (Cologne). He prefers to classify all "influenza-like" bacilli (including the B. pertussis, Eppendorf) as influenza bacilli, and not to assign any specific importance to Jochmann's bacillus. Rosenthal goes still farther, and considers B. influenz~e an ordinary member of the flora of the mouth, and without pathogenic significance. He bases this view upon his findings in cases of broncho-pneumonia at a time when no influenza was present in Paris. The bacillus he isolated grew upon hydrocele agar, but not on horseserum agar, and Rosenthal considers it identical with the bacillus of Elmassian as well as with the true influenza bacillus. Jochmann and Krause also found, in four pertussis cases, a bacillus similar to that isolated from their other cases, except in its ability to grow on serum as well as on hmmoglobin agar.
I have recently been able to isolate such a bacillus from the nose and throat of a child who was dying of meningitis. The bacillus is morphologically like the influenza and pertussis bacilli, but it grows in fine colonies on ascitic agar, and reacts in the serum of a rabbit immunized to the pertussis organism in dilutions of i:5o only, the immunizing bacillus reacting in I:5oo. This bacillus would seem to be distinct from the true influenza and pertussis bacilli.
The bacilli isolated from this series of pertussis cases belongs to the influenza group, but can be differentiated from Bacillus influenzm by means of agglutination reactions with the blood of patients and of immunized laboratory animals.
